Introduction
Periodontal disease is associated with reduced antioxidant capacity and increased oxidative damage in the oral cavity. Oxidative damage is suggested to be a common risk factor for several inflammatory disorders Declaration of Interest: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
Müge LUTFIOĞLU (a)
Ahmet AYDOĞDU (b) Vadim Ekrem ATABAY (c) Elif Eser SAKALLIOĞLU (a) Bahattin AVCI (d) by inducing inflammatory reactions. 1 Oxidative stress (OS) promotes the pathophysiological progression of periodontal disease by triggering local and systemic inflammatory responses. 2, 3, 4, 5 Hyperlipidemia, i.e., elevated serum lipid levels, is thought to cause imbalance in the production of highly reactive molecular species and antioxidant defenses, leading to increased OS and creating a proinflammatory state that predisposes subjects to infections. 1, 6 Hyperlipidemia is a risk factor for atherosclerotic diseases by causing hyperactivity of white blood cells, 7 and this hyperactivity leads to an increase in production of reactive oxygen species (ROS) and lipid peroxidation. 8 In periodontal disease, the interaction between host immune response and pathogens stimulates cytokine expression and subsequently generates excessive ROS-derived radicals.
9,10 ROS-derived radicals play an important role in the inflammatory process by promoting damage of proteins, DNA, carbohydrates, and lipids. 10, 11 Moreover, these OS-related mediators have frequently been associated with inflammatory responses, specifically in relation to chronic periodontitis (CP). 1 When ROS attacks proteins and lipids, a series of nonenzymatic reactions occur to produce a large variety of intermediate and end products. OS may be evaluated either by observing by-products of the interaction of ROS with lipids, proteins, and DNA or by examining alterations in total antioxidant capacity (TAOC). Tissue protein carbonyl (PC) content is a non-enzymatic, oxidative, post-translational modification of protein carbonylation that is often used as a biomarker of OS. 12 For measuring biological lipid oxidation, malondialdehyde (MDA) is a frequently used marker because of its high specificity. 13 However, given the potential for synergistic effects among different antioxidants, it has been suggested that measuring TAOC may provide a more accurate and extensive assessment of an individual's antioxidant status and the level of protection offered to host cells subjected to OS than separately measuring individual antioxidant molecules. 14 Recent studies have produced inconsistent results regarding how periodontal status is affected by alterations in blood-lipid composition, namely, high levels of serum total cholesterol (TC), low-density lipoprotein cholesterol (LDL), and triglycerides (TG) and low levels of high-density lipoprotein cholesterol (HDL). The interference of different serum lipid subfractions and periodontal infection has been reported by several researchers, 15, 16, 17 whereas others have reported either no connections 18 or limited connection. 6, 19 Till date, a limited number of studies have separately reported the connection between increased OS and hyperlipidemia 11, 20 and increased OS and periodontitis. 2, 3, 4 To the best of our knowledge, only one clinical-based study 11 examined OS parameters in patients with periodontitis with hyperlipidemia, and that study measured parameters systemically in blood serum, not locally in GCF or gingival tissue.
Based on the findings of previous studies, we hypothesized that hyperlipidemia, which is characterized by abnormal serum lipid levels, may aggravate periodontal infection, presumably by altering the OS status of periodontal tissue. Therefore, this case-controlled study investigated 1) the effects of hyperlipidemia on oxidative changes in GCF content, i.e., PC, MDA, and TAOC levels, in patients with differing periodontal health status and 2) the correlation between serum lipid levels and GCF PC, MDA, and TAOC levels.
Materials and Methods

Study population
This case-controlled study was conducted on 45 patients with hyperlipidemia (23 females, 22 males) and 45 age-and sex-matched normolipidemic controls (23 The general inclusion criteria were a) age ≥ 18 years and having ≥ 16 teeth, b) no periodontal therapy within the previous 6 months, c) no chemotherapy and no antilipidemic drug treatment within 6 weeks before data collection, and d) no history of cigarette consumption. The exclusion criteria were a) medical therapy for cancer, rheumatoid arthritis, diabetes mellitus, cardiovascular disease, or any other systemic disease affecting lipid metabolism (i.e., impaired glucose tolerance and metabolic syndrome); b) pregnancy, menopause, or lactation; d) immune system deficiency; d) ongoing or starting any drug therapy that could affect the clinical characteristics of periodontitis or lipid metabolism; and e) use of systemic antimicrobials within 6 weeks before data collection.
The study participants were grouped as follows: Group H: normolipidemic + periodontally healthy subjects Group G: normolipidemic + gingivitis Group CP: normolipidemic + generalized CP Group HH: hyperlipidemic + periodontally healthy subjects Group HG: hyperlipidemic + gingivitis Group HCP: hyperlipidemic + generalized CP Clinical evaluations and GCF collection were performed by a single examiner, and the following laboratory procedures were performed by another researcher blinded to the study groups.
Clinical evaluations
The following clinical parameters were evaluated to determine the periodontal status of the subjects: Silness & Löe plaque index (PI), 21 Löe & Silness gingival index (GI), 22 probing pocket depth (PPD), clinical attachment level (CAL), and bleeding on probing (BOP). Measurements were performed at six sites per tooth (mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual) using a calibrated Williams periodontal probe (Nordent Manufacturing Inc., Elk Grove Village, IL, USA). GCF samples were subsequently obtained from the deepest six sites fitting the criteria described below.
Metabolic parameters
Hyperlipidemia was diagnosed at least 3 months before the study based on an abnormal value for at least one element of the lipid profile using the following cutoff points according to laboratory recommendations: TC, > 200 mg/dL; TG, > 200 mg/dL; LDL cholesterol, > 130 mg/dL; and HDL, < 35 mg/dL). 23 No distinctions were drawn among hyperlipidemia type. 15 Samples were obtained from an antecubital vein after a 12-h fasting period. Biochemical assessments of serum lipid levels were performed in the clinical Biochemistry Laboratory of the Ondokuz Mayis University Hospital using routine enzymatic methods.
GCF sampling and processing
In total, 90 GCF samples were taken per group (15 subjects × 6 sites). The samples were collected from the deepest six sites in the CP group to maintain consistency of sampling and from corresponding sites with BOP in the gingivitis group and corresponding sites without BOP in the periodontally healthy group.
On the day after periodontal status assessment, GCF samples were collected by periopaper strip (Oraflow Inc., Plainview, NY, USA) between 8:00 am and 10:00 a.m. The supragingival plaque was removed from the sampling site, and the area was carefully isolated with cotton rolls to prevent saliva contamination of the strips and gently air dried. The periopaper strip was placed into the gingival crevice up to 1 mm or until mild resistance was felt and left in the crevice for 30 s. Any strip contaminated by bleeding or exudate was discarded. GCF sample volumes (μL) were measured using Periotron 8000 (Periotron ® 8000, Pro Flow Inc., Amityville, NY, USA). The strips were individually placed in plastic Eppendorf microcentrifuge tubes and stored at −80°C until processing.
The GCF elution directions of Curtis et al. were used; samples were incubated and centrifuged at 4°C.
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Commercially available ELISA kits were utilized, and assays were applied according to the manufacturers' instructions to examine PC (Oxiselect Protein Carbonyl ELISA Kit, Cell Biolabs Inc., San Diego, CA, USA; Cat. No. STA-310), GCF MDA (Bioxytech, MDA-586, OxisResearch, Foster City, CA, USA, Cat. No. 21044), and TAOC levels (ImAnOx-TAS/TAC Kit, Immundiagnostik AG, Germany, Cat. No. KC 5200). Spectrophotometric device with wavelengths of 450 nm and 550 nm was used for ELISA readings. The total PC, MDA, and TAOC levels in GCF sampled over a 30-s period were recorded and subjected to statistical analysis.
Statistical analysis
The statistical software program SPSS Inc. (SPSS v.21.0, Chicago, IL, USA) was used for statistical analysis, with results presented as means and standard error of mean. The Shapiro-Wilk test was performed to examine normality, and parametric tests were performed to analyze the data. The Levene test showed non-homogeneity of variance, the Welch ANOVA test was used to identify statistical differences among the groups, and Tamhane's T2 tests were used for posthoc pair-wised group comparisons. The comparisons between sexes were determined by non-parametric chi-square test. Pearson's correlation tests were used to evaluate the correlations between clinical indices and biochemical parameters. A p value of <0.05 was considered statistically significant. The minimum requirement of 13 participants per group to compare the data between groups at α = 0.05 with a power value of 80% was determined by power analysis calculations.
Results
A total of 90 subjects (45 systemically healthy patients and 45 patients with hyperlipidemia) participated in this study. Age and sex distributions and clinical assessments of the study groups are summarized in Table 1 . Age and sex distributions were similar for groups paired according to the periodontal status (p > 0.05).
The paired comparisons showed no significant differences in PI, GI, or BOP scores between hyperlipidemic and normolipidemic groups, regardless of periodontal status, indicating that these clinical manifestations of periodontal disease were not affected by serum lipid levels (p > 0.05). Moreover, although paired comparisons showed PPD and CAL measurements to be higher among patients with hyperlipidemia than among normolipidemic subjects with similar periodontal status, these differences were not statistically significant (p > 0.05). However, for both hyperlipidemic and normolipidemic groups, clinical parameters significantly varied between periodontally healthy subjects and those with gingivitis or periodontitis (p < 0.05).
Serum lipid and GCF PC, MDA, and TAOC levels of the groups are given in Table 2 . Serum lipid levels significantly varied between the hyperlipidemic and normolipidemic groups (p < 0.05). Among the normolipidemic groups, all serum lipid values were similar for subjects with healthy periodontal status and those with gingivitis; however, subjects with healthy periodontal status had significantly lower TG values compared with subjects with CP (p < 0.01), and both subjects with healthy periodontal status and those with gingivitis had significantly higher HDL values compared with subjects with CP (p < 0.01). Similar to the normolipidemic groups, among the hyperlipidemic groups, serum lipid values were also similar for subjects with healthy periodontal status and those with gingivitis (p > 0.05); however, in contrast to the normolipidemic groups, HDL values for the hyperlipidemic groups did not vary according to the periodontal status, but TG, TC, and LDL values were significantly higher for patients with hyperlipidemia with CP compared with those with gingivitis as well as those with healthy periodontal status (p < 0.05).
For patients with hyperlipidemia and for normolipidemic subjects, GCF PC and MDA levels varied according to periodontal health status, with the highest levels in the groups with CP and the lowest levels in the groups with healthy periodontal status [CP > G > H (p < 0.01) and HCP > HG > HH (p < 0.01)]. Conversely, the groups with CP had the lowest GCF TAOC levels, and those with healthy periodontal status had the highest CP levels [CP < G < H (p < 0.01) and HCP < HG < HH (p < 0.01)]. Moreover, PC and MDA levels were significantly higher and TAOC levels were significantly lower among subjects with hyperlipidemia with CP compared with normolipidemic subjects with CP (p < 01) ( Table 3) .
Among normolipidemic subjects, GCF PC and MDA levels showed strong positive correlations with all clinical periodontal measurements and a moderate negative correlation with serum HDL levels; GCF TAOC levels also showed a strong negative correlation with all clinical periodontal measurements but a weak positive correlation with serum HDL levels among normolipidemic subjects (Table 4) . Among patients with hyperlipidemia, GCF PC and MDA levels showed strong positive correlations with all clinical periodontal measurements; moderate positive correlations with serum TG, TC, and LDL levels; and moderate negative correlations with serum HDL levels. In contrast, GCF TAOC levels showed strong negative correlations with all clinical periodontal measurements; moderate negative correlations with serum TG, TC, and LDL levels; and weak positive correlation with serum HDL levels ( Table 5) . Table 2 . Serum lipid levels of subjects and GCF MDA, PC, and TAOC levels as total amount of sampling sites in the study groups. 
Discussion
This study evaluated GCF PC, MDA, and TAOC levels relating to periodontal pathology and hyperlipidemia. Several previous studies have investigated the association between periodontal disease and serum lipids, but systemically healthy subjects with periodontitis have been determined mostly in those researches. 15, 25, 26 Studies examining the periodontal status of subjects with hyperlipidemia, although limited, have all reported an association between periodontal status and serum lipids in the hyperlipidemic population. 11, 27, 28, 29 However, this study is the first known published study that examined the relationship between periodontal disease and hyperlipidemia using changes in GCF oxidative status, which reflects local effects of hyperlipidemia in periodontal tissue rather than in the blood serum.
In this study, paired comparisons between hyperlipidemic and normolipidemic groups with similar periodontal status showed that clinical parameters were not significantly affected by serum lipid levels, although PPD and CAL measurements were slightly higher among subjects with hyperlipidemia than with normolipidemic subjects with similar periodontal status. These findings contradict those of previous studies reporting an association between hyperlipidemia and periodontal clinical status and concluding that hyperlipidemia is responsible for increases in PPD, CAL, BOP and other periodontal measurements. 11, 27, 28 The differences in findings between our study and those of previous studies may be related to differences in the study design. Our study examined groups of subjects with gingivitis in addition to subjects with periodontitis and subjects with healthy periodontal status; however, distinct gingivitis-periodontitis and periodontally healthy groups were not included in these previous studies, except in the study by Fentoğlu et al.
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In that study, although not matching our group designs exactly, the investigators grouped participants according to the periodontal status (gingivitis, periodontitis, and periodontally healthy) as well as by hyperlipidemia treatment (dietary vs drug treatment), and no apparent Table 5 . Correlations between periodontal clinical measurements and biochemical parameters in subjects with hyperlipidemia. effect of serum lipid levels on clinical periodontal measurements was found, which is in line with the findings of our study. In general, given the differences in the participant-selection criteria and constitution of study groups among studies, drawing any meaningful comparisons between findings is difficult as well as inappropriate. However, regarding the similarities in clinical measurements of patients with hyperlipidemia and normolipidemic subjects found in our study, it is possible that subjects with hyperlipidemia who participated in the study had not been in a hyperlipidemic state long enough for their condition to have created an inflammatory burden severe enough to be reflected in changes in clinical parameters. 30 Although our study found similarities in clinical periodontal parameters for patients with hyperlipidemia and normolipidemic subjects, serum TG, LDL, and TC levels in both hyperlipidemic and normolipidemic groups were higher for subjects with CP compared with subjects with both gingivitis and periodontally healthy subjects. Serum HDL levels were also lower; however, for subjects with CP compared with subjects with both gingivitis and periodontally healthy subjects, the differences were only significant for normolipidemic subjects. Our findings for serum TG, LDL, and TC levels are comparable with those of Penumarthy et al., 31 who reported significantly higher serum TG, TC, and LDL levels and significantly lower HDL levels among systemically healthy subjects with periodontitis compared with subjects with gingivitis and healthy periodontal status. Given that chronic local and acute systemic infections have been shown to alter lipid metabolism, manifesting primarily in lipid peroxidation and elevated TG, LDL, and free fatty acid levels, 32 it is not surprising that increases in serum LDL, TGL, and TC levels have been observed with periodontal disease, which is considered to be a "low-grade subclinical systemic inflammation." Unlike other lipid subfractions, HDL is an anti-inflammatory whose catabolism is heightened by infection. 30 Our findings for HDL levels are in line with those of Wakai et al., 33 who found decreases in serum HDL levels to be associated with increases in Community Periodontal Index of Treatment Needs scores, and Fentoğlu et al., 28 who found decreases in HDL levels to be associated with increases in attachment loss.
In our study, GCF PC and MDA levels were significantly higher and GCF TAOC levels were significantly lower in both the hyperlipidemic and normolipidemic CP groups compared with the gingivitis and periodontally healthy groups, whereas paired comparisons between normolipidemic subjects and patients with hyperlipidemia of similar periodontal status showed that these OS markers indicated significant differences only in the periodontitis groups. These results are in accordance with those of several studies reporting that oxidative injury and stress associated with inflammatory response and periodontal deterioration lead to increases in GCF and salivary lipid peroxidation and PC and MDA levels as well as decreases in TAOC levels. 2, 3, 4, 34, 35 . To the best of our knowledge, our study is the first to evaluate GCF oxidative status in patients with hyperlipidemia with varying degrees of periodontal pathology. In what appears to be the only previous clinical study to examine oxidative changes in patients with hyperlipidemia in relation to periodontal status, Fentoğlu at al. 11 evaluated serum MDA and 8-OHdG levels and their correlations with lipid profiles. Based on their findings, the investigators suggested a significant relationship between periodontal destruction and abnormal serum lipid levels.
In addition to the significant changes in oxidative status seen in the our study relating to periodontal disease, especially among subjects with hyperlipidemia, positive correlations were found between GCF PC and MDA levels and clinical parameters (i.e., PPD, CAL, and BOP measurements) as well as between serum lipid subfractions and clinical parameters, whereas negative correlations were found between GCF TAOC levels and clinical parameters. Previous studies that examined clinical measurements without investigating GCF biological markers reported similar associations between serum TC and LDL levels and PPD measurements, 15, 16 serum TC and LDL levels and CAL measurements, 27 and serum HDL levels and clinical periodontal measurements. 28, 29, 31 The authors claimed these correlations to be a proof of the relationship between abnormal lipid subfraction levels and ongoing processes of periodontal destruction. Furthermore, the changes seen in OS markers were presented as a sign of alterations in tissue response occurring in connection with a hyperlipidemic state. Hyperlipidemia has been suggested to cause hyperactivity of white blood cells. 7 Given that neutrophil respiratory bursts have been shown to increase in patients with hyperlipidemia 7, 11, 25 and that polymorphonuclear priming and/or hyperfunction have been reported to lead to heightened proinflammatory activity, including increases in OS, hyperlipidemia may be associated with progressive periodontal disease. 36, 37 In addition to their connection with neutrophil hyper-reactivity, serum lipid levels may play an extremely important role in the pathogenesis of inflammatory diseases such as periodontal disease through the cellular signalization activity of phospholipids contained in cell membranes. By interfering directly with membrane-bound receptors and altering gene expression, serum lipids play a role in tissue response, which when compromised, may predispose a patient to periodontal disease or exaggerated periodontal destruction. 38, 39 This study's finding of higher OS markers and lower TAOC levels in patients with hyperlipidemia with periodontitis compared with patients with normolipidemia with periodontitis may be an indication of alterations in tissue response caused by lipid mediators at this later stage of periodontal destruction.
Although there appears to be a relationship between periodontitis and hyperlipidemia, it is unclear if periodontal pathology affects lipid metabolism or if conditions associated with hyperlipidemia have a detrimental effect on periodontal tissue. 25, 38, 39, 40 Our study found that patients with hyperlipidemia with periodontitis had higher GCF PC and MDA levels and lower GCF TAOC levels compared with systemically healthy subjects with periodontitis. Moreover, serum lipid levels varied according to periodontal status, but the difference was more pronounced among patients with hyperlipidemia than with normolipidemic subjects. The higher OS markers in the GCF of patients with hyperlipidemia compared with normolipidimic subjects, regardless of periodontal health status, correlated with higher serum lipid levels. It has been claimed that the changes in lipid metabolism affect the host susceptibility via OS-related periodontal destruction. 25, 38, 39 In conclusion, increased OS and decreased TAOC level in the GCF of patients with hyperlipidemia and periodontal disease combination may be the possible cause of the alteration of host susceptibility to periodontal inflammation. Moreover, the bidirectional relationship between local periodontal and systemic factors should be taken into consideration in the treatment of patients with periodontal disease.
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